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?Is it beneficial for population viability of Japanese serow and sika deer
that flight response to hunting is expressed by sika deer?
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The population of Japanese serow has been continuously increasing since the late $195oe$ . But it
has been concemed that the population of Japanese serow has recently decreased, as a result of an
increase in sika deer. To clarify the inter-specific relationships between serow and sika deer, we firstly
construct the mathematical model of population dynamics in both species. Secondary, we examine
the effects of flight response to hunting by sika deer on population viability.
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22.1
, (Capricornis crispus) (Cervus nippon)
,
, Lotka Volterra
$\frac{dx(t)}{dt}$ $=$ $(r_{x}-\beta_{x}x(t))x(t)-\alpha_{xy}x(t)y(t)$ (1)
$\frac{dy(t)}{dt}$ $=$ $(r_{y}-\beta_{y}y(t))y(t)-\alpha_{yx}y(t)x(t)$ (2)
, $x(t)$ $t$ , $y(t)$ $t$
$r_{x}(r_{y}),$ $\beta_{x}(\beta_{y})$ ( ) ,




(1), (2) $($ $($ ,
, ) $)$ ,
$E_{0}=(0,0)$ , $E_{1}=( \frac{r_{x}}{\beta_{x}}$ , $0)$ , $E_{2}=(0,$ $\frac{r_{y}}{\beta_{y}})$ ,
$E^{*}=(x^{*}, y^{*})$ ,
$x^{*}= \frac{\beta_{y}r_{x}-r_{y}\alpha_{xy}}{\beta_{x}\beta_{y}-\alpha_{xy}\alpha_{yx}}$ $i>$ $y^{*}= \frac{\beta_{x}r_{y}-r_{x}\alpha_{yx}}{\beta_{x}\beta_{y}-\alpha_{xy}\alpha_{yx}}$









$\frac{dx(t)}{dt}$ $=$ $(r_{x}-\beta_{x}x(t))x(t)-\alpha_{xy}x(t)y(t)$ (5)
















, (7) $H>0$ ,
,
, (8) $\alpha_{xy}\alpha_{yx}<\beta_{x}\beta_{\nu}$ , ,
,
, $H$ $r_{y}$ ,
$\frac{\alpha_{xy}}{\beta_{y}}<\frac{\beta_{x}}{\alpha_{yx}}<\frac{r_{x}}{r_{y}-H}$
$\Rightarrow$ $\max\{\frac{\alpha_{xy}}{\beta_{y}},$ $\frac{\beta_{x}}{\alpha_{yx}}\}<\frac{r_{x}}{r_{y}-H}$
, $($ 1) ,
3: (5)(6) $H$ (Capricomis crispus) (Cerwus




$\frac{dx(t)}{dt}$ $=$ $(r_{x}-\beta_{x}x(t))x(t)-\alpha_{xy}x(t)y(t)$ (9)
$\frac{dy(t)}{dt}$ $=$ $(r_{y}- \beta_{y}y(t))y(t)-\alpha_{yx}y(t)x(t)-\frac{\gamma}{1+H^{n}}Hy(t)$ (10)
44
4: (9)(10) $H$ (Capricomis crispus) (Cervus
nippon) $r_{x}=1,\beta_{x}=1.2,\alpha_{xy}=0.9,$ $r_{y}=1.2$
$\beta_{y}=1,\alpha_{yx}=0.7,$ $n=1$
, (6) $Hy(t)$ $\frac{\gamma}{1+H^{n}}$ ,
,
$\gamma>0$ , $\gamma$






$\frac{df(H)}{dH}=\frac{(1-n)r_{x}\gamma H^{n}+\gamma r_{x}}{(r_{y}(1+H^{n})-\gamma H)^{2}}$
, $n=1$ $f(H)$ $H$ , $n>1$ $(1-n)r_{x}\gamma H^{n}+\gamma r_{x}=0$ $H=H^{*}$















$($ $)$ , $H$
,
$n>1$ , $(1-n)r_{x}\gamma H^{n}+\gamma r_{x}=0$ $H=H^{*}$ $f(H^{*})$ ,
(11 ) $H$ ,
$(1-n)r_{x} \gamma H^{n}+\gamma r_{x}=0\Leftrightarrow H^{n}=\frac{1}{n-1}$
$f(H^{*})= \frac{x}{r_{y}-\frac{n-1r}{n}\gamma\sqrt[n]{\frac{1}{n-1}}}$
$\frac{d}{dn}(\frac{n-1}{n}\gamma\sqrt[n]{\frac{1}{n-1}})=\frac{\log(n-1)}{n^{2}}\frac{(n-1)^{1-1}n}{n}>0$
, $f(H^{*})$ $n$ $H^{*}= \frac{1}{n}<1$ , $n$
$f(H^{*})$ $\gamma$












$\frac{dx(t)}{dt}$ $=$ $(r_{x}- \beta_{x}x(t))x(t)-\frac{\gamma_{2}}{1+H^{n}}\alpha_{xy}x(t)y(t)$ (12)
$\frac{dy(t)}{dt}$ $=$ $(r_{y}- \beta_{y}y(t))y(t)-\alpha_{yx}y(t)x(t)-\frac{\gamma_{1}}{1+H^{n}}Hy(t)$ (13)
, $\gamma_{1}>0$ (10) $\gamma$ , $\gamma_{2}>0$
$\frac{\gamma_{2}}{1+H^{n}}\frac{\alpha_{xy}}{\beta_{y}}<\frac{}{r_{y}-\frac{r_{x\gamma_{1}}}{1+H^{n}}H}<\frac{\beta_{x}}{\alpha_{yx}}$ (14)
, $H$




$H$ $n>1$ , $\gamma_{1}$
$H$ (14)
$0< \frac{r_{x}}{r_{y}}<\frac{\beta_{x}}{\alpha_{yx}}$
, (4) , (14)
, 3 , $\gamma_{1},$ $\gamma_{2}$
2.5 4
3 ,
$\frac{dx(t)}{dt}$ $=$ $(r_{x}- \beta_{x}x(t))x(t)-\frac{\gamma_{2}}{1+H^{n}}\alpha_{xy}x(t)y(t)$ (15)













, 6 $\gamma_{2(}=0.9$ ) $<\gamma_{3(}=1)$ , 7 $\gamma_{2}$
$(=1.1)>\gamma_{3(}=1)$ $r_{x}=1,\beta_{x}=1.2,\alpha_{xy}=0.9,$ $r_{y}=1.2,\beta_{y}=1,\alpha_{yx}=0.7,\gamma_{1}=1$
$’ n=1$
6: (15)(16) $H$ 7: (15)(16) $H$






$\frac{dx(t)}{dt}$ $=$ $(r_{x}- \beta_{x}x(t))x(t)-\frac{\gamma_{2}}{1+H^{n}}\alpha_{xy}x(t)y(t)$ (18)











8: (18)(19) $H$ (Cap $\omega$mis crispus) $(Cen)us$
nippon) 4, 5
$H$ $r_{x}=1,\beta_{x}=1.2,\alpha_{xy}=0.9,$ $r_{y}=1.2,\beta_{y}=1$ ,
$\alpha_{yx}=0.7,\gamma_{1}=\gamma_{2}=\gamma_{3}=1,$ $n=1$
, $g(H)$ $H$ , $Harrow 2_{\frac{4}{1}r_{4}}\gamma$ $g(H)arrow+\infty$









$\frac{dx(t)}{dt}$ $=$ $(r_{x}-\beta_{x}x(t))x(t)-\alpha_{xy}x(t)y(t)$ (22)
$\frac{dy(t)}{dt}$ $=$ $(r_{y}-\beta_{y}y(t))y(t)-\alpha_{yx}y(t)x(t)-H$ (23)
(22), (23) $H$ $H$
$x(t)$ , $x(t)<0$ , $x(t)=0$ $H$
9
, ,
$\frac{dx(t)}{dt}$ $=$ $(r_{x}- \beta_{x}x(t))x(t)-\frac{\alpha_{xy}}{1+H^{n}}x(t)y(t)$ (24)
$\frac{dy(t)}{dt}$ $=$ $(r_{y}- \frac{\beta_{y}}{1+H^{n}}y(t))y(t)-\alpha_{yx}y(t)x(t)-\frac{H}{1+H^{n}}$ (25)
(24), (25) $H$
49
10 9, 10 ,
9, 10 , $x,$ $y<0$ $x,$ $y=0$ $r_{x}=1,\beta_{x}=1.2,\alpha_{xy}=0.9,$ $r_{y}=1.2$ ,
$\beta_{y}=1,\alpha_{yx}=0.7,$ $n=1$
9: (22), (23) $H$ (Capricomis c spus) (Cervus
nippon) $H$
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